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The Acanthopanax koreanum fruit is a popular fruit in Jeju Island, but the byproducts of the alcoholic beverage prepared using
this fruit are major agricultural wastes. The fermentability of this waste causes many economic and environmental problems.
Therefore, we investigated the suitability of using A. koreanum fruit waste (AFW) as a source of antiinﬂammatory agents. AFWs
were extracted with 80% EtOH. The ethanolic extract was then successively partitioned with hexane, CH2Cl2,E t O A c ,B u O H ,
and water. The results indicate that the CH2Cl2 fraction (100 μg/mL) of AFW inhibited the LPS-induced nitric oxide (NO) and
prostaglandin E2 (PGE2) production in RAW 264.7 cells by 79.6% and 39.7%, respectively. These inhibitory eﬀects of the CH2Cl2
fraction of AFWs were accompanied by decreases in the expression of inducible nitric oxide synthase (iNOS) and cyclooxygenase-
2 (COX-2) proteins and iNOS and COX-2 mRNA in a dose-dependent pattern. The CH2Cl2 fraction of AFWs also prevented
degradation of IκB-α in a dose-dependent manner. Ursolic acid was identiﬁed as major compound present in AFW, and CH2Cl2
extractsbyhighperformanceliquidchromatography(HPLC).FurthermoreusingpureursolicacidasstandardandbyHPLC,AFW
and CH2Cl2 extracts was found to contain 1.58mg/g and 1.75mg/g, respectively. Moreover, we tested the potential application of
AFWextractsasacosmeticmaterialbyperforminghumanskinprimaryirritationtests.Inthesetests,AFWextractsdidnotinduce
any adverse reactions. Based on these results, we suggest that AFW extracts be considered possible anti-inﬂammatory candidates
for topical application.
1.Introduction
Food- and beverage-processing industries create large quan-
tities of byproducts that are diﬃcult to dispose because of
their high biological oxygen demand. These plant-material
wastes may contain high levels of biological compounds
that can adversely aﬀect the environment. However, these
biological compounds may also show many beneﬁcial
activities in humans, including antioxidant, antityrosinase,
and antiinﬂammatory activities [1, 2]. A. koreanum is an
economically important fruit of Jeju Island. Because of
its special functionality and ﬂavor, the fruit is processed
into alcoholic liquors. After extraction, the fruit pulp is
mostly dumped as waste at large expense. This waste causes
many economical and environmental problems due to its
fermentability. Therefore, it is worthwhile to determine how
to utilize A. koreanum waste.
Acanthopanax species (Araliaceae) are widely distributed
throughout Korea, Japan, China, and the far-eastern region
of Russia [3]. Approximately 15 species of the genus
Acanthopanax grow wild on the Korean peninsula. Among
them, A. koreanum Nakai (Araliaceae) is a native plant that
grows on Jeju Island in the south of Korea. Even though the
roots and stems of A. koreanum have been used traditionally2 Journal of Biomedicine and Biotechnology
Dried Acanthopanax koreanum fruit waste powder (60g)
Extracted with EtOH
concentrated
80% EtOH extract (20g)
Extraction with
hexane (1:1)
n-hexane layer (1.3g) Aqueous layer
CH2Cl2 layer (1.2g)
Extraction with
CH2Cl2 (1:1)
Aqueous layer
EtOAc layer (2g)
Extraction with
EtOAc (1:1)
Aqueous layer
BuOH layer (4g)
Extraction with
BuOH (1:1)
Aqueous layer (12.2g)
Figure 1: Fraction scheme of AFW ethanolic extract.
in Korea as a medicine that increases strength, energy, and
general well-being, and in the treatment of rheumatism,
diabetes, and hepatitis [4–8], there is little information on
the biological potential of the A. koreanum fruit and its
beverage-extracted waste.
During inﬂammation, macrophages play a central role in
managing many diﬀerent immunopathological phenomena,
including the overproduction of proinﬂammatory cytokines
and inﬂammatory mediators such as interleukin (IL)-1β,
IL-6, nitric oxide (NO), prostaglandin E2 (PGE2), and
tumour necrosis factor α (TNF-α). Indeed, a number of
inﬂammatory stimuli, such as LPS (lipopolysaccharide) and
proinﬂammatory cytokines, activate immune cells to upreg-
ulate these inﬂammatory states; therefore, these stimuli are
useful targets in the development of new anti-inﬂammatory
drugs and in the studies on the molecular anti-inﬂammatory
mechanisms of a potential drug [9, 10].
Therefore, the present study focused on whether A.
koreanum fruit waste (AFW) inhibited the production of NO
and PGE2 and expression of inducible nitric oxide synthase
(iNOS) and cyclooxygenase-2 (COX-2) in LPS-stimulated
macrophages. We also performed primary skin irritation
tests on human skin and assessed the high-performance
liquid chromatography (HPLC) ﬁngerprint.
2. Methods
2.1. Reagents. Dulbecco’s modiﬁed Eagle’s medium
(DMEM) and fetal bovine serum (FBS) were purchased
from Hyclone (Logan, UT, USA). LPS (E. coli 0111:B4)
was purchased from Sigma Chemical Co. (St. Louis, MO,
USA). All other chemicals used were analytical grade.
The Enzyme-linked immunosorbent assay (ELISA) kit for
PGE2 was obtained from R&D Systems, Inc. (Minneapolis,
MN, USA). Antibody against inducible NOS (iNOS)
was purchased from Calbiochem (San Diego, CA, USA)
and antibodies against COX-2 and IκB-α were from Cell
Signaling Technology (Beverly, MA, USA).
2.2. Materials and Solvent Extraction. AFWs were collected
from Sansaemi Agricultural Association, Jeju Island, in
October 2006. The materials for extraction were freeze-
dried and then ground into a ﬁne powder using a blender.
The dried powder (50g) was extracted with 80% ethanol
(EtOH; 2L) at room temperature for 24 hours and then
evaporated under vacuum. The evaporated EtOH extract
(20g) was suspended in water (1L) and fractionated with
four solvents: n-hexane (1L), dichloromethane (CH2Cl2;
1L), ethyl acetate (EtOAc; 1L), and butanol (BuOH; 1L).
The yield and recovery of these ﬁve solvent fractions were
as follows (Figure 1): n-hexane (0.5g, 2.5%), CH2Cl2 (1.2g,
6.0%), EtOAc (2.0g, 10.0%), BuOH (4.0g, 20.0%), and H2O
(12.2g, 60.1%).
2.3.CellCulture. ThemurinemacrophageRAW264.7(1.0 ×
106 cells/mL) cells were purchased from the Korean Cell Line
Bank (Seoul, Korea) and cultured in DMEM supplemented
with 10% heat-inactivated fetal bovine serum, streptomycin
(100μg/mL),andpenicillin(100U/mL)at37◦Cina5%CO 2
atmosphere.
2.4. MTT Assay for Cell Viability. Cell viability was deter-
mined by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT) assay. RAW 264.7 cells (1.0
× 104 cells/mL) were cultured in 96-well plates for 18
hours, followed by treatment with LPS (1μg/mL) in
the presence of various concentrations (12.5, 25, 50,Journal of Biomedicine and Biotechnology 3
100μg/mL) of A. koreanum extract. After 24-hour incuba-
tion, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) stock solution (50μl; 2mg/mL in PBS)
was added to the medium, and the medium was incubated
for 4 hours. Then, the supernatant was removed, and the
obtained formazan crystals were dissolved in 200μLo f
dimethylsulfoxide (DMSO). Absorbance was measured at
540nm.Percentofcellsshowingcytotoxicitywasdetermined
relative to the control group.
2.5. Measurement of NO Production. Nitrite in culture
medium was measured by adding 100μlo fG r i e s s
reagent (1% sulfanilamide and 0.1% N-[1-naphthyl]-
ethylenediamine dihydrochloride in 5% phosphoric acid) to
100μl aliquots of medium. The concentration of NO2
− was
calculated by comparison to a standard curve prepared using
NaNO2.
2.6. Measurement of PGE2 Production. The inhibitory eﬀect
of the A. koreanum extract on PGE2 production in LPS-
treated RAW 264.7 cells was determined as previously
described [11–13]. Medium was then harvested and assayed
by ELISA.
2.7. RNA Preparation and Reverse Transcription-Polymerase
Chain Reaction (RT-PCR) Analysis. The mRNA expression
was measured by RT-PCR. Total RNA was isolated using
Tri-Reagent (MRC, Cincinnati, OH, USA) according to the
manufacturer’s instructions. RNA isolation was carried out
in an RNase-free environment. Then, 4μgo fR N Aw e r e
reverse-transcribed (RT) using MuLV reverse transcriptase
(Promega, WI, USA), oligo (dT)15 p r i m e r ,d N T P( 0 . 5μM),
and 1U RNase inhibitor. PCR analyses were performed with
a DNA gene cycler (BIO-RAD, HC, USA) with 30 cycles
for ampliﬁcation of β-actin, iNOS, and COX-2. The PCR
products were electrophoresed on 1.0% agarose gel and
visualized by ethidium bromide (EtBr) staining and a gel
documentation system (Gel Doc 2000, Life Science Research,
Hercules, CA).
2.8. Western Blot Analysis. RAW 264.7 cells were prein-
cubated for 18 hours before being stimulated with LPS
(1μg/mL) in the presence of test materials for 24 hours.
After incubation, the cells were washed twice with cold PBS.
The cells were lysed in lysis buﬀer (50mM Tris-HCl (pH
7.5), 150mM NaCl, 1% Nonidet P-40, 2mM EDTA, 1mM
EGTA, 1mM NaVO3, 10mM NaF, 1mM dithiothreitol,
1mM phenylmethylsulfonyl ﬂuoride) and kept on ice for
30 minutes. The cell lysates were centrifuged at 15,000rpm
at 4◦C for 15 minutes and the supernatants were stored
at −70◦C until use. Protein concentration was measured
using the Bradford method [14]. The cell lysates (30μg) were
separated by 8∼12% SDS-polyacrylamide gel electrophore-
sis (SDS-PAGE) and electrotransferred to polyvinylidene
ﬂuoride (PVDF) membrane (BIO-RAD, HC, USA). The
membrane was incubated for 2 hours with TTBS (Tris-
buﬀered Saline with tween-20) containing 1% bovine serum
albumin (BSA) and then incubated with speciﬁc primary
antibody (mouse monoclonal antirabbit iNOS, antimouse
COX-2, or antimouse IκB-α)a t4 ◦C overnight. The mem-
brane was washed 4 times with TTBS and incubated for
30 minutes with peroxidase-conjugated secondary antibody
(1:5000) at room temperature. Finally, immunoreactive
proteins were detected using the WEST-ZOL Western Blot
Detection System (iNtRON, Gyeonggi, Korea).
2.9. Human Skin Primary Irritation Test. This study was
conducted in accordance with the intent and purpose of the
Good Clinical Practice regulations described in the Code of
Federal Regulations (CFR) Title 21, Part 50, 56, 312, and/or
the Declaration of Helsinki, as appropriate. The subjects
were healthy, nonsmoking women of Korean origin. The
other inclusion criteria were age >20 years and skin types
II and III according to the Fitzpatrick classiﬁcation system
[15]. The exclusion criteria were skin types I or IV, allergies,
skin diseases, photosensitivity, sunbed tanning, metabolic
diseases, use of any drugs (except contraceptives), alcohol
consumption, infections, pregnancy, breast feeding, and
participation in other studies during the last 1 month. An IQ
Ultra Chamber was secured to the back of each subject with
microporetape.Theroundborderofthechamberwasplaced
ﬁrmly against the skin, causing tight occlusion of the test
materials. The 80% EtOH extract of AFW formulated with
squalane was prepared as the negative control and applied
at 1% concentrations. The patches (chambers) remained in
place for 48 hours. During this time, the subjects abstained
from showering or performing any work or exercise that
might wet or loosen the patches. The sites were read 30
minutes and 24 hours after the patches were removed; the
readingswerescoredaccordingtotheCosmetic,Toiletry,and
Fragrance Association (CTFA) guidelines [16].
2.10. HPLC Fingerprint of AFW Extract and CH2Cl2 Fraction.
Since ursolic acids had been reported as eﬀective anti-
inﬂammatory components from plants, we searched for
ursolic acids in the AFW extract and CH2Cl2 fraction.
Chromatographic analysis of AFW ethanolic extracts was
performed using a high-performance liquid chromatograph
(HPLC) with an Alliance Waters 2695 separation module
coupledtoaWaters2998photodiodearraydetector,utilizing
a Capcell pak 4.6mm × 250mm C18 column (Particle
size 5μ, Shiseido Chemicals, Tokyo) at a ﬂow rate of 1.0
ml/min. The column was placed in a column oven at 25◦C.
Mobile phase loading was performed in the isocratic mode
using methanol: 0.5% acetic acid in water (88:12, v/v); the
injection volume was10μl,andUVd et ectio nwaspe rf o rmed
at 203nm. Detection of the ursolic acid content in the AFW
extract and the CH2Cl2 fraction was performed using the
external standard method, and pure ursolic acid was used as
the standard stock solution (10, 20, 50, and 100μg/mL).
2.11. Statistical Analysis. Results are expressed as mean ±
standard error of at least triplicate experiments. Student’s t-
test was used to assess the statistical signiﬁcance of diﬀer-
ences. P-values of less than .05 were considered statistically
signiﬁcant.4 Journal of Biomedicine and Biotechnology
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Figure 2: Eﬀe c to fc r u d ee x t r a c ta n ds o l v e n tf r a c t i o n sf r o mA. koreanum fruit waste on nitric oxide (a) and PGE2 ( b )p r o d u c t i o ni nR A W
264.7 cells. Eﬀects of crude extract and solvent fractions from A. koreanum fruit waste on the nitric oxide production in RAW 264.7 cells
were determined from the 24-hr culture of cells stimulated with LPS (1μg/mL) in the presence of A. koreanum .Nitric oxide production was
determined by the Griess reagent method. PGE2 released into the culture medium was assayed by ELISA. The data represent the mean ± SD
of triplicate experiments. Values are the mean ± SEM of triplicate experiments.
∗P <. 05;
∗∗P <. 01.
3. Results andDiscussion
3.1. Inhibitory Eﬀects of AFW on NO/iNOS and PGE2/COX-
2 Inﬂammatory Pathways. To investigate the eﬀect of AFW
on NO production, we measured the accumulation of
nitrite, a stable oxidized product of NO, in culture media.
NO production was examined in RAW 264.7 cells stim-
ulated with LPS in the presence or absence of AFW
extracts for 24 hours. Nitrite levels in LPS-stimulated
cells increased signiﬁcantly compared to levels in control
cells. To evaluate whether AFW extracts could modulate
NO production in activated macrophages, we examined
the eﬀects of the hexane, CH2Cl2, EtOAc, BuOH, and
water fractions of AFW on NO production. As shown
in Figure 2(a), the CH2Cl2 extract (100μg/mL) inhibited
the LPS-induced NO production in RAW 264.7 cells by
79.6%. The IC50 value of the CH2Cl2 extract, which was
calculated from the graph, was 49.2μg/mL. The ethanolic
extract, hexane, and EtOAc fractions also inhibited LPS-
induced production of NO by 61.4%, 55.8%, and 87.3%,
respectively.
The inducible enzyme COX-2 is expressed in the early
stages of the inﬂammatory response and catalyzes the ﬁrst
step of the synthesis of PGE2, an important inﬂammatory
mediator. In a variety of inﬂammatory cells, including
macrophages, COX-2 is induced by cytokines and other acti-
vators, such as LPS, resulting in the release of a large amount
ofprostaglandinE2 atinﬂammatorysites[17,18].Therefore,
weexaminedtheeﬀectsofAFWonPGE2 productioninLPS-
stimulated RAW 264.7 macrophages. When macrophages
were stimulated with LPS (1μg/mL) for 24 hours, the
levels of PGE2 increased in the culture medium. As shown
in Figure 2(b), the EtOAc, CH2Cl2, and hexane fractions
(100μg/mL) suppressed LPS-induced PGE2 production by
63.1%, 39.0%, and 24.9%, respectively. As determined by
MTT assays, the numbers of viable activated macrophages
were not altered by the solvent fractions, indicating that the
inhibition of NO synthesis by the ethanolic extract, hexane,
andCH2Cl2 fractionswasnotsimplyduetocytotoxiceﬀects.
Although the EtOAc fraction also signiﬁcantly inhibited NO
synthesis at 100 μg/mL, this eﬀect may have been caused by
cytotoxicity (Figure 2(c)).
To further evaluate whether the inhibition of LPS-
stimulated NO and PGE2 production by AFW was mediated
by the regulation of iNOS and COX-2 gene expression,
RT-PCR analyses were performed. As shown in Figure 3,
the expressions of iNOS and COX-2 mRNA were signiﬁ-
cantly elevated in macrophages treated with LPS (1μg/mL)Journal of Biomedicine and Biotechnology 5
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Figure 3: Inhibitory eﬀects of AFW extracts and solvent fractions on iNOS (a) and COX-2 (b) mRNA expression in RAW 264.7 cells. RAW
264.7 cells (5.0 × 105 cells/mL) were pre-incubated for 18 hours, and the iNOS mRNA expression was determined in cells stimulated with
LPS (1μg/mL) for 24 hours in the presence of 80% EtOH extract and solvent fractions (100μg/mL) of AFW.
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Figure 4: Eﬀect of CH2Cl2 fractions from A. koreanum fruit waste on nitric oxide (a) and PGE2 (b) production in RAW 264.7 cells. Eﬀects
of CH2Cl2 fractions from A. koreanum fruit waste on nitric oxide production in RAW 264.7 cells were determined from the 24-hr culture
of cells stimulated with LPS (1μg/mL) in the presence of CH2Cl2 fractions. Nitric oxide production was determined by the Griess reagent
method. PGE2 released into the culture medium was assayed by ELISA. The data represent the mean ± SD of triplicate experiments. Values
are the mean ± SEM of triplicate experiments.
∗P <. 05;
∗∗P <. 01.
compared to those in unstimulated cells (control). RT-PCR
analyses indicated that AFW reduced iNOS and COX-2
mRNA without aﬀecting the mRNA of β-actin, a house-
keeping protein. Among the ﬁve AFW fractions, the CH2Cl2
fraction markedly reduced the gene expression of iNOS and
COX-2. Therefore, the inhibitory eﬀect of AFW on iNOS
and COX-2 gene expression is one possible mechanism for
the anti-inﬂammatory action of AFW. In conclusion, AFW
actively suppressed the expression of genes implicated in
inﬂammation.6 Journal of Biomedicine and Biotechnology
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Figure 5: Eﬀe c to fC H 2Cl2 fraction of Acanthopanax koreanum fruit waste on the mRNA expression and protein levels of iNOS (a) and
COX-2 (b) in LPS-stimulated RAW 264.7 cells. RAW 264.7 cells (5.0 × 105 cell/mL) were stimulated with LPS (1μg/mL) and the CH2Cl2
fraction of A. koreanum (12.5, 25, 50, 100μg/mL) for 24 hours. The mRNA expression of iNOS and COX-2 was determined by RT-PCR. For
the western blot analysis, RAW 264.7 cells (1.0 × 106 cell/mL) were stimulated with LPS (1μg/mL) in the presence of A. koreanum (12.5, 25,
50, 100μg/mL) for 24 hours. Whole-cell lysates (25μg) were prepared and the protein was subjected to 10% SDS-PAGE; expression of iNOS,
COX-2 and β-actin were determined by western blotting. β-Actin served as a loading control. The mRNA expression of iNOS and COX-2
was determined by RT-PCR.
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Figure 6: Eﬀects of CH2Cl2 fraction from A. koreanum on the
degradation of IκB-α in LPS-stimulated RAW 264.7 cells. RAW
264.7 cells (1.0 × 106 c e l l s / m L )w e r es t i m u l a t e dwi t hL P S( 1μg/mL)
in the presence of A. koreanum (12.5, 25, 50, 100μg/mL) for 15
minutes. As a control, we also applied PDTC (25μM), a speciﬁc
NF-κB inhibitor. Whole cell lysates (25μg) were prepared and the
protein was subjected to 12% SDS-PAGE. Expression of IκB-α and
β-actin were determined by western blotting. β-Actin served as a
loading control.
3.2. Eﬀects of the CH2Cl2 Fraction of AFW on LPS-Induced
NO and PGE2 Production and Cell Viability. To analyze
the potential anti-inﬂammatory properties of the CH2Cl2
fraction of AFW, cells were incubated with LPS (1μg/mL)
in the presence of various concentrations of the CH2Cl2
fraction(12.5,25,50,and100μg/mL).Thecellculturemedia
were collected; the nitrite and PGE2 levels were determined;
and the CH2Cl2 fraction of AFW was found to reduce
NO production in a dose-dependent manner. The IC50
value of the CH2Cl2 extract, which was calculated from the
graph, was 54.7μg/mL (Figure 4(a)). The CH2Cl2 fraction
of AFW also dose-dependently inhibited PGE2 production
(Figure 4(b)). The potential cytoxicity of CH2Cl2 fraction of
AFW was evaluated by MTT assay after incubating cells for
24 hours in the absence or presence of LPS; cell viabilities
were not aﬀected at the concentrations used (12.5, 25, 50,Journal of Biomedicine and Biotechnology 7
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Figure 7: HPLC (high performance liquid chromatography) ﬁngerprint of ethanol extract and its CH2Cl2 fractions. A. koreanum ethanol
extract (a) and its CH2Cl2 fractions (b) were analyzed by HPLC. The lower side (c) represents standard ursolic acid. Ursolic acid exhibits
peak absorbance at 203-204 wavelength.
100μg/mL) to inhibit NO and PGE2 (Figure 4(c)). Thus, the
inhibitory eﬀects were not attributable to cytotoxic eﬀects.
3.3. Eﬀects of the CH2Cl2 Fraction of AFW on LPS-Induced
iNOS and COX-2 Protein and mRNA Expressions. Western
blot and RT-PCR analyses were performed to determine
whether the inhibitory eﬀects of the CH2Cl2 fraction of
AFW on the proinﬂammatory mediators (NO and PGE2)
were related to modulation of the expression of iNOS
and COX-2. In unstimulated RAW 264.7 cells, iNOS and
COX-2 protein and mRNA were not detected; however,
LPS remarkably upregulated their protein levels, and pre-
treatment with the CH2Cl2 fraction of AFW inhibited
these upregulations (Figure 5(a)). On the other hand, the
CH2Cl2 fraction of AFW did not aﬀect the expression
of β-actin, a housekeeping gene. In general, these results
indicate that the inhibitory eﬀects of the CH2Cl2 frac-
tion of AFW on LPS-induced NO and PGE2 production
involve iNOS and COX-2 suppression. Furthermore, RT-
PCR analysis showed that mRNA expression levels of
iNOS and COX-2 correlated with their protein levels
(Figure 5(b)).
3.4. The CH2Cl2 Fraction of AFW Suppresses the Degradation
of IκB-α in LPS-Activated Macrophages. Because activation
of NF-κB is critical for induction of both COX-2 and
iNOS by LPS or other inﬂammatory cytokines, we explored
whether the CH2Cl2 fraction of AFW might be involved
in the NF-κB pathway in LPS-activated macrophages. Since
it has been well documented that activation of NF-κB
correlates with rapid proteolytic degradation of IκB[ 19–
22], prevention of IκB degradation was studied as an
indication of inhibition of NF-κB activation by the CH2Cl2
fraction of AFW. As a control, we also applied pyrrolidine
dithiocarbamate (PDTC), a speciﬁc NF-κB inhibitor. As
shown in Figure 6, LPS induced transient degradation of
IκB in RAW cells, whereas the CH2Cl2 fraction of AFW and
PDTC prevented degradation of IκB in a dose-dependent
manner. These results suggest that inhibition of COX-2 and
iNOS expression by the CH2Cl2 fraction of AFW occurred
via suppression of IκB degradation, thereby preventing NF-
κB activation.
3.5. Human Skin Primary Irritation Test of AFW Ethanol
Extract. To evaluate the irritation eﬀect of AFW extracts
for clinical applications to human skin, a patch test was
performed. In our study, as shown in Table 1, none of the
32 subjects experienced a reaction based on the 48- and 72-
hour readings. Speciﬁcally, we did not observe any adverse
reactions such as erythema, burning, or pruritus in the study
subjects that was related to the topical treatment of AFW
extracts.Journal of Biomedicine and Biotechnology 9
Table 1: Results of human skin primary irritation tests (n = 32).
Test materials No. of responders 48 hours 72 hours Reaction gradea
1+ 2+ 3+ 1+ 2+ 3+ 48 hours 72 hours Mean
Squalane 0 b—————— 0 . 0 0 . 0 0 . 0
A F W e x t r a c t s ( 1 % ) 0 — ————— 0 . 0 0 . 0 0 . 0
aReaction grade = Σ[{Grade × no. of responders}/{4( m a x i m u mg r a d e )× 32 (total subjects)}] × 100 × (1/2).
bNo reaction.
3.6. HPLC Fingerprint of AFW Ethanol Extract. According
to traditional oriental medicine, the therapeutic actions of
herbal medicines are based on integral interaction of many
ingredients combined. With the development of analytical
technology, chromatographic methods can now be used to
develop ﬁngerprints of traditional oriental medicine and
their raw materials. Thus, interest in HPLC ﬁngerprint
analysis has increased, not only in Asia but also around
the world [23–25]. Therefore, a simple HPLC ﬁngerprint
was developed in this work. Since ursolic acids have been
reported as eﬀective anti-inﬂammatory ingredients in the
Acanthopanax plant, they were used as standard substances.
The conditions described in the experimental section yielded
good resolution and well-deﬁned peaks for ursolic acids in
the AFW extract and the CH2Cl2 fraction. The ursolic acid
content in the ethanol extract and CH2Cl2 fraction were
1.58mg/g and 1.75mg/g, respectively (Figure 7).
4. Conclusion
Thepr esentstudywasundertak eninor dert obett erutilizeA.
koreanum fruit wastes (AFW) as functional materials. Since
nitricoxideandprostaglandins,whichareproducedbyiNOS
and COX-2, respectively, have been implicated as important
mediators in endotoxemia and inﬂammatory conditions, we
ﬁrst identiﬁed that AFW suppressed the production of NO
and PGE2 in LPS-stimulated RAW 264.7 cells. This suppres-
sion correlated with downregulated gene expression of iNOS
and COX-2. However, although other possible inhibitory
mechanisms toward the proinﬂammatory cytokines remain
to be evaluated in further studies, we determined that AFW
prevented degradation of IκB in a dose-dependent manner.
These results suggest that inhibition of COX-2 and iNOS
expression by AFW partially occurred via suppression of IκB
degradation, which thereby prevented NF-κB activation. To
test the application of AFW extracts as topical materials, we
performedprimaryskinirritationtestsonhumanskin.AFW
extracts did not induce any severe adverse reactions. Finally,
the ursolic acids were also identiﬁed and quantiﬁed in AFW
extracts. Based on our results, we suggest that AFW extracts
be considered possible anti-inﬂammatory candidates for
topical application.
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